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PEE EFTECT O STABILITY AND COWTROL OF A PUSHER PROPELLER
BEEIND CONVZNTIONAL TAIL SURFACES AS DETERMINED BY
TESTS OF A POWERED MODEL IF THE FREE-FLIGHT TUNNIL

By John P. Cambbellfand Thomas A, Hdllingwprth
| STUMHARY

The effects on stablllty and control of a pusher pro-
peller behind counveatlcnel horisontal and vertical tall
surfaces have been determined in the NACA free-fllght tun-
nel by tests of a 1/1l0-scale model of an NACA submerged-
engine pusher alrplane deslgn. The investigatlon consisted
of flight and balance tests a2t windmllling and high-power
conditions vith a partlal-span Zap extenslbls flap extended
and retracted. The effects of changes 1ln vertical=tall area,

horizontal-tall incidence, and cenier-of-gravity location were
also cCeterminead.

The tests showad that, with a pusher propeller locatad
behlnd the tail zurfoces, power causad only mianor changos in
stabllity and control. Tho windmilling propoller provided
slight increases in longltudinal and dircctional stability.
Applicatlion of power only slightly affected the longilitudinal
stabllity, increased the directional atabllity, aud necesssi-
tated a small amount of alleron trim. The dihedral effect,

8talling behavior, and rudder trim were not affected by
power.,

Thig.particular pusher design wlth the propeller behlnd
the tall surfaces 1is considered very promising as a means of

eliminating the undesirabls slipstream effects. of tractor
propellers., . '

INTRODUCTIOH

The trend toward more powerful engines in single—~engine
military alrplanes has caused the propeller-slipstream effects
on stabllity and control to become iuncreasingly important.




Bacause those slipstream effocts are, on the whols con-
gsldered undssirable, means are belng sought to eliminate
thom, Ono appareont. solution to the problem 1s the usc of
pusher propellers. Varlous designs to permit the uae of
pusher propellers have been proposed, such as the tall-
less and tallfirst airplenes., The HACA has recently sug-
gested a submerged—~engine pusher design with the propeller
directly behind conventional horizontal and vertical tall
surfaces. A 1/10-scale powerud model of this design has
been tested in the NACA free-flight tunnsl to determine
the effect of such a propellar arrangement on stadllity
and control characteristics., During the investigation,

a speclial effort was e2lso made to observe any changes

in stabllity and control that might hava been caused by
tho short tall length lnherent 1n the design,

APPARATTUS AXD METEODS

#ind Tunnol

*The lnveestigation was carried out 1n the NACA free~
flight tunnal described in raferenca l. Photographs of the
tost sectlion of tho tuanncl sihow models bolng testod in flight
in figure 1 and on the valance in figure 2.

In the flight tests, tho modol flles fracly in the tun-
nel under the romote control of a pllot sgated at the bottom
and rcar of the tunnel. An onerator at tho.slde of.the tun-
‘nol adjusts the airspsod, tunncl angle, e&nd nower to tho
motor in the model to corrospond to ths dosired flight con-
ditions. After the latoral ~nd lorngitudinal trim of tao
model hra beon adJusted for the prrticular conditliomns, tho
stabllity of tho mecdel in uncontrollad flight 1s obscerved
and tha cffectivonoss of thoa controls 1s determined. 1In
order to supplement the pllot'!'s observations, moving=plcture
records of flights sre taken by three camerac mounted at the
top, slde, and rear of the tunnel.

The balance tests were run on the free-flight tunnel
slx-component balance, The balance rotates with the model
in yaw so that all forces and momants are measvred with
respect to the stabllity axas.
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Model

The 1/10-scale model of tha NACA submerged-engino
pusher elrplane desigu used in  the tests waas constructed
and prepared for the testing by the WACA. A three-view
drawing of the model is pressated as flgure 3 and photo-

-graphs of the model are shown in figures 4 and 5. The

dimenslonal charactaristics of the airplane as scaled up
from the model values are gzlvemn in table I,

In additlion to the vartical tells specified for the
airplone (talls 1 and 2 of fig., 3), a larger vertical tail
(tall 3) was installud on the model for soms of the tosts.
Only the upper vertlicnl tall was provided with a movabdle
ruddar, )

A simple wire landing gear was 1lnstalled on the model
ns shown In figure 3 to provide sufficient ground angle for
take~off and tc mosord shock 1n landines.

The welzht of the model after f£innl preparation and
balancling was about 5,80 pournds, which corrssponded to
5800 pounds for the alrplans. Tho conter of gravity of
the model was adjusted to 24,2 porcent of the mean aesro—
dynamle chord. The momoents of inertin of the modal corre=-
spondod to those of typical modern filghtar airplnnes ns in-
dlc~tod by the rntios of winsg spar to radil of gyrntion
skowa 1n table I,

Tlectromagnets were installed in the model to provide
abrupt deflections of the allerons, rudder, &nd elevator,
The allerons were deflected with an equal up-esnd-down move-
ment verylng from +12° to +18°, Rudder deflections varying
from £10° to *20° were used in conjunction with the allerons
to provide propsar control coordination., For longitudinal
control abrupt elevator deflections of £29 or +39 were used.

The model was powered oy a direct-currsnt, controllable-
epeed electric motor ratad 1/5 horsepower at 15,000 rpm and
gearad with e ratlo of 2,54:1 to a pusher propesller., The
motor was pleced forward of the wing and was connected to
the propeller by a 5/16-1nch-diamoter. hollow, aluminum
drive shaft about 18 inches long.

An adjustadle~pltch, two-blade, ll-inch wood propsller
was used on the model. Xor all the power tests, the blads
angle at 0.75 radius was set at 24° in ordoer to absorbd full
power at maximum offlclency with the désirod propeller speed
of 6000 rpm,



Tosgt Condltlons

The pcwer characteristics of tue modosl motor and gear
box unit wura determined oy Prory brrnke tecsts and the char-
acteristics of the propsesllor with varlous amounts of pltch
woroe ascortainoed at dynawie pressures of 0, 1,90, ecad 4,09
pounde por gquare foot. MThese tests indicnted that o~ blade
rngle of 24 at 0,756 rrdius would most norrly sotlsfy tho
raquired conditions., TFor easch of tihn flight ond balanco
tesss tha powar supnlied to thuy model was adJusted to tho
deaired condltion by varying the lnput voltage.

The fllght teste covered a range of alrspeeds from 25
to 50 miles psr hour, which ccrresponded to 80 to 160 miles
per hour for 4he mlrplone reprosented., The power was varied
frouw windmilling to 0.235 bdrake Lorsepowsr, whichk was the
maximum obtainable frcm the motor usced in the nodel. The
thrust developed iIn tko fllght tests was Getormined from the
differnace betwazen the filght-nath angls, or turnel nngle,
with power on and the engle with propcllcr off et tho samo
11f% couefficiant., -The igh~power conditlion in the filght
toete correanonded to about 550 dbrake horsepower for the
alrplanc,

Most of tihe bYalenco tests were run a%t a dynamic pres=-
surc of 4,09 pounds per sgquars foot, whilch corrcsponds to a
valoclty of about 40 miles par hour under standard sea-lcvel
conéitlions and to a test Revnolds numboer of-about 209,000
bassd on the mean chord of 0.583 foot. Thke hich~power tosts
ware rua &t & dyn~mle preasure of 1,90 pounds per square foot
in order to represasut greetor alrnlnna norscepower nnd thoree-
by oxtond the power ramnze of tha tssts., For ~ach balenco test,
the power to2 the model ras adjustod to corrospond to 1100 brake
horsopower for the nlrplrns. This power sdjuatment was made
by veryirg the volirge to gilve the propar values of thrust
coofficient T nt eanch 11ft coefficisat. Tho desired thrust
horsepower (and taen tao thrust coeffisiont) for onch 1lift
coofflei-nt wrs computed by multiplyinz the reted alrplane
horsopawer {1200 dhp) o7 a propeller a’ficilency corresponding
to tae prriicular 1i1ft coefficlent, ropellar efficioncles
of 2n alrplarv wlitin n spoed range eginmllar to tkat of tais
alrplrno wore usel in uweking thc3e comoutatlons. ™Mne varlae
tions of thrust cuveificlent, torgus coefficlent, and »ropeller
efflclency with 11ft coeffliclent are shown 1in flgure 6.
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SYMUBOLS

C;, 1ift coefficlent (L/gs)
Op 4drag coefficient (D/qB) .-

Cy lateral-force cosfficient (¥/q8)

i
0, yawing-moment coefficlent (y"“' ne moment-,)

qbs

Cq rolling-moment coefficilent (rollins_momenia

abs§
Cp, Pltching-moment coefficient <pitchi:§smomant>
L l1ift, pounds
D drag, pounds
b4 latersl forces, pounds
q dynamic prossure, pounds pir squarc foot (Epva)
c averagu chord, fuet
S wleg arca, squere feat
b wing span, feot

015 rate of change of rolling~moment coefficient with
sldesllp, per radian

Cn ratc of changze of ynwing-momont coaffilcieant with
P sldo~-sllp, pser radinn
B nngle of sidoslip, radiens
v anglo of yaw, degroes
a angla of attack of fusselags rafaronce line, dogrees

] thrust coefficlient < T )
pvV3D2




m thrust, pounds

p alr density, slugs psr cudlc foot
v alrspeed, feet per second '

D propeller dlameter, feet

Q. torque cocfficient /__3 >
\pv333

Q torque, pound-ITeet .

aa right aileron deflectlon, degrees

T
8a eluovator deflaction with respect to stabilizer chorad,
degruos
P rolling veloclity, raéians par sccond

_— hallx aagle gonaerated by wing tip in roll, radiens

1 enzgle of stabllizor setting, dogrees
N propellor efficieancy
. rante of chengo of rolling-momont cocfficlent with the
P <
helix engle Bb
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TESTS AND RESULTS

The stabllity ond controsl chrrectarlstics of tho model
woro lnvestligated =t the winédmilling and hizh-power conditilons
and with tho propaller romoved, Tosts were mede with the
partial-span Zap flap rotracted nnd fully cxtended and with
various combinnti»ns of the vortlcal talls shown 1n figuro 3.

A few preliminary tests were mede to improve the longi=-
tudinal stabilitry of the model with flaps down. During these
tests the center of zravity was moved forward from 24,2 to
18,7 percent of the meesn aerodynamic chord and the horizontal-
tall incidence was changed from -5° to 09, Tuft tests wers
made to determine the stalling éharacteristics of the wirng
and horizoatal tall,



Flight teats.~ The longitudinal data obtalned in the
fllght tests are presented in figure 7 1in the form of
elevator deflectlons required for trim at different 1ift
coefflclents. The curves of Tlgiire 7 show the effect-of
flap deflectlion and power on longitudinal trim. The ef-
fectiveness of the allerons for lateral control was deter-
mined by noting the deflectlions required for good control
in the tunnel flights and by measuring from moving-picture
records the rolling velocltles produced dbdoth 1n abrupt
alleron maneuvers wlith rudder fixed and in the recoveriles
from these maasuvers. The values of pb/2Y obtained in
these tests are presented in tadle II.

Balance tests.~ The results of the balance tests are
glvon in figures 8 to 11, Thse curvos of flgure 8 show the
effeocts of power and flaps on the asrodynamic characteris-
tice of the model. The longitudinal deta from this figure
ere replotted in flzure 9 to show more clearly tke effects
of power and flap deflectlion on longitudinel stability and
trim, The changes 1in lonszitudinel stebility caused by va-
riation of horizontal-tall 1ncidence snd center-of-gravity
locatlon are shown in flgure 10, The results of balance
tests made to determine the elevator effectiveness are
shown 1in figure 1ll. The lateral-stabllity characteristics
of the model as uffected by power, flaps, and fin area are
glvon in figurese 19 and 13 in the form of rolling-moment,
yawing-moment, cnd lnteranl-force coefficlents plotted
agalnst angle of yaw at n 1ift coefficleat of 0.75. The
slopes of the rolling-momunt and yawing-moment curves of
figures 12 and 13 are shown in filgure 14 on a plot of clB

againsgt GnB together with approximate boundaries for

neutral spiral stability (E = O) and for neutral oscilla-

tory stability (R = 0)., The effectiveness of the lateral

control as detoerminod by balance tests 1s shown in figure

15 in the form of rolling~moment and yawing-moment coeffi-
cients plotisd agalnst right aileron deflection.

Tufi_ *esis.- The results of tuft tests made to deter-

mine the uytulliug vharacteristics o7 the wing and horizon-
tal tall are preseated in figure 16.




DISCUSSION

Preliminary Tests

Because of the short tall length of the model, the
horizontal tall was originally set at an angle of 1nci-
dence of -=5° to avold excessive up-elevator travel for
trim with flaps down., With thils tail incidence, deflec~
tion of the vpartial~spaan Zep flap caussed the model to de-
come statically loaglitudinally unstable. Sustained
fligkts were impossible at any airspeed because of diver-
gences in pltch that could not be controlled by elevator
deflection. Moving the center of gravity forward from
24.2 to 19.7 percent of the mean aerodynamic chord made
the model longltudlnelly stable at 1ift coefflclents above
0.80 andl good flizhts could be made without uslng vlevator
control., At lower 1lift coefflclients, howoever, sustained
flights could be made only by continually applying altsr=~
nate vp~and-~down elevator deflectlons to prevent the model
from divergling. At 1lift coefflclonts bselow 2.50, moreover,
the stabillty was not sufficient to permit flights to he
made even 1n this manner.

The character of thise lnstabllity suggested a form of
tail stalling. When the horizontal tail was set at -5°2,
the downwash at low an=zles of attaclk was believed to be
sufflcient to cause the lower surface of the tall to stall.,
This belief was substantiated by the behavior of the model
on the floor before take~off. The model often assumed a
negative angle of attack befors taking off and from this
attitude the nose could not be brought up dy elevator con-
trol, In these cases the lower suriace of ths tall was
evidently fully stelled lanstead o5f intsrmittently stalled
as 1t appearsed to be 1in flight.

The tuft tests made to determine the stalling charac~
teristicas of the wlng and of the upper and lower surfaces
of the horlzontal tail proved that the assumptions regard-
ing taill stelliing were correct. The results of these tesnts,
presentod in figure 16, indlcate that the lower suriace of
the tall was almost completely stalled at an angls of attack
of ~4° and that the outer portion was stalled at 0°. Tais
tall stalling accounts for the difficulty encountered in
flights at 11ft coefficlents below 0.80., The unstalled con-
diticn at angles of attack of 4° and 6° explains tae im-
provged longitudinal behavior of the model at higher 1ift
coofficlents, It 1s reaslized that the tall stalling of the



alrplane would occur at much: - hisher negative angles of
attack of the tall and that the moiel test results cannot

" be ised quantitatively dut may be taken only as an indica-

tion of an unsatisfactory condition that would be encoun=

tered dPy the alrplane 1f too great a negative tail inci-

dence were used.

Changing the horlzontal-tail incidence to 0° elimi~
nated the tall stalling (fig. 16) and made the model lon-
gltudinally estable with flaps down at all 1lift coefficlents
wlth the 24.2 percent center-of-gravity location. The
flight-test longlitudinal-trim curves of figure 7 indicate
that the stabllity was slightly less for the flaps—down
condition than for the flape-up condlition. ¥No difflculty
was experienced  in making flizhts with flups down, however,
and the stebllity was consildered entirely adequate.

The results of balance tests (fige. 8 and 10) show
the changes 1ln stablllty with flap deflaction. In figure
10, the nustable pitching-noment slope for the flaps—-down
coadition with the origlanl $all 1lncidsnze ani center-cf-
gravity posiltior explalns the lnablliity to obtain flishts
at this eonditicen. 7%he marnor 1n which the forwsrd shift
in center~of-sgravitr rosltion Incraaccd the stability is
also showi in %his Jirure. As 1ndicsted dr ths fli:ht
teats &t thls cvondi.:zocn, the stabilitr i1s positive at the
high 11ft ccefiictsatrs but cnly abont ne-tiral at 11ft coef-
flciects below C.30, The pronouncsed sbtadilizing effect
caused by the clLrmaze to 00 tail in-cidenca is as evident 1in
tha results of Telance tasts (rlg. 10) as in the flight
teats.

Loagitudinal Stabllity

Iacreeasias the power caused only a slight change in
the static lonsltvainel stabllity for botlh the flapa-up
and flaps~down condiiicns, as skown by the curves of fig-
ures 7, 8, asd 9. It anpears from the lougitudinel trim
data obtained in the flizht tests (fig. 7) that the static
8tability as indicated by the elevator derflecticns required
to trim at differsai 1ift coefficleats was slizhtly in-
creased DY powsr with flaps up =2nd very slightly decreased
by power with flaps down. Do balance test results pre-
sented In flguraes 8 end 9 agras failrly well with the flight
results in this respect ard show even smaller changss 1n
stabllity with powsr. The windmilling propeller appoars
to have provided a slight increass in longitudinal stadbil-
ity for all conditions.
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Application of power caused opposite changes in longil-
tudinal trim for the flaps—up and Fflaps—-down conditions.
The trim changes were appareat in the flight tests when
successlive flights were made at the windmilling and Liga-
power condiltions with a constent elevator setting. Appli-
cation of power caused the trim alirspe=zd to iancrease with
flaps up and to decrease with flans dowa. These trim
changes are shown by the curves of flgures 7 and 9.

The daaping of the phugold osclllatlon wae satisfac-
tory for all power coanlitions end appeared to be sligntly
better ot high power.

Longitndinal Coantrol

Tie-longzitudinal control apnesred to be good in all
respecte despite the short tall lengtih of ths modol and
tha nearness of the propellar to the horizontel tall.’
_Abrunt elevator daflesions a»f only 29 or £3° were re-
gquirad to correect for Loangitudlnal disturbazces and to
mgneuver tao model in tkhe tunnel as desired. Slizhtly
greatsr elevator dafloctlons havs been requirad on most
nther models testod 1n tha fres-~flizht tunael.

The elavetor-trim characteristics as irdicecated b the
flizht date in flgure 7 appear to be very good. Trin for
the hlgh-speed condlitlon to the stell was outalned witliout
excessive elevator travel ont a falrlr lerze increass in
elevatur movemeant wai required to proluce the stall, These
slavator ciaaracteristics are considerod desirable.

fhe balance-test results in figure 11 ehow that, with

ag
power on, the valuaa of —E wara about -0.013 .with flaps

dd,
up and ~0.015 with flaps down. These values divided by

d
_EE for the corresponding conditlons glive walues of EEE

acy, ddg
of 0.084 witk flaps up and 0,177 with flaps down. Thsse

dg
values of __L, valch are in fairly good agrecmont with
the flight-te3t results, indicate adequate elevator effec-
tiveness for the particular dezrees of statlc stability

dC .
QIJE) afforded by the 24.2 percent center-of-gravity
Cz, .

locatilon,
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Stalling Characteristlcs

ﬁhe beﬁ;viof of the model &t the stall was not. notice~
ably affected by power and was consldered satisfactory at
all conditions of flaps and power.

With the flaps up, the bshavior at the stall was not
consistent. At times a definlte warning of the stall was
observed ln the form of a slight pltchling motion, dut at
other times the model would roll off to eilther side at the
stall without warning. The stall was, however, gentle 1n
all cases and caused no great difflculty.

When the flaps were down, the stalling characterlstles
were excellent. Ample warning of the stall was afforded by
a noticerble pitching motlon, and the stall 1tself was evi-
denced by a slow dropping of the model to the floor of the
tunnel. Bven wlth the stall sufficiantly advanced to cause
thils gradual loss of sgltitude, the mlilerons were s8tlll ef-
fective in pichking up & low wing. ®TlLe results of the tuft
tosts shown in figure 16 nrovlde a »lsusible explanation
for ths ;00d strlling bshavior with flaps down. The stall
diagraems indlcate that the upper surfacs of the large par-
tinl-spaa Zap flap and the portion of the wing ahead of 1%
stall well before the allerons. The apparent stalling of
the horlzontal tall at high angles of attack as lndlcated
by the tuft tests was actually a form of tall buffeting
and was probably responsible for the pitching motions that
warned of the stall,

Lateral Stabllity

Rffect of Powsr.— Power provided a notlceable increase
in dlrectional stability and a slight increase 1in dlhedral
effect, In the fllight tests, these stablllty changes were
evidenced by the smoother, steadier flights obtalned with
power on., When, during a slngle continuous £light,. the
power was lncreased gradually from windmilling to high
povwer, a definite steadyling of the modsel, especlally in
yaw, could be observed. Thls effect of power, which was
noted 1ln fllghts with flaps eilther up or down, was consid-
ered bemeficlal in improving the flight behavior of the
model. ’ .

The spiral stabllity, which was satisfactory with
power off, dld not appear to be affected by power. With
the flaps up and only the upper vertical tall on, power
definitely lmproved the osclllatory stability and reduced
the adverse yawlng caused by the allerons.
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Thée balance~test resulte in figures 12, 13, and 14
substantiate the observatiine made in the Flight tests in
regerd to the effect of power on the lateral-stadbility
characteristics of the model. The yawing-momeat curves
of flzure 12 have greuter slopes with power on and, in
addition, the curves are stralghtened out by power at the
kigher enles of yaw. This stralghtenling out with power on
suggeate that tae propsllar was acting in such a menaer as
to delay the stalling of the vertical talls., At the low
anglas of yaw, however, thoe effoect of power in increasing
the directional stabllity cannot be credited to the change
in alr flow over the tvell surfaces because, e&s shown in
flgure 13, most of tae lncrease wvas obtazined with the taills
removed, Xelther can the major portion of the iancrease in
directlonal stability with ucwer on he attriduted to the
propaller normal force. Ta: -alance tgsts with talle re-
moved indicated a much larger lacreass in lateral force in
changing from the propeller-off to ths windmilling condition
than in changinz fraom the windmllling to tie high~power con-
dition., 1In thils respsct tho tests agrse well with propellsr
theory. On the other hand, the iacrease lan directlional sta-
bility (Cap) provided by the wiandmilling propeller was less
than oge-half as great as the an increase produced by the

.applicetion of power. Thesse resulte indicate thnat the inflow
to the povered ,usher propeller mlght have affected the air
flow over the fuselage 1an auch a way as to reduce 1its unstable
yawlng moment without appreciably changing its side force.

It 15 interesting to note in figures 1% andl 14 that, with

nll tpils removed, power proviided enougk fin effect to bal-
ance the unstable moxment of the wing~arnd~fuselege comblna-
tion and trereby mekse ths model neutrally directionally
stable.

The curves of flgures 12 aand 13 show the slight incrsase
in dihedral cffsct providsd by power. The incroase appoaers
to be substantially the same for flaps up or down a2nd is
almost negligible in either cass.

The summary of the balance results giver in figure 14
indicates the reerons for the flight-iest nbservatioans re-
garding the effects of power on splral sad osclllatory sta-
bility. Inssmuch es power increasges pvoth Cnp and -Ctp.

it causes a shift on the atability plot (G to H or T to F)
approximately parallel to tle 1plral-stablliity boundary and
thereby affects the spiral stabillty very little. The im-
pro#ament in osclllatory stabllity caused by power wilth flaps



up and only the upper.faitical.tail on 1s shown graphe
ically in figure 14 by the shift from cornditlon D, near

"the oscillatory-stability. boundary, to condition I, well

away from that boundary and apparently 1n = vary stabls
region., ' oo

In general, the effects of power on the lateral sta-
bility of this model were considerably less than the ef-
fects of power on the .stabllity of conventlonal traetor
models tested in the free~flight tunnel., The changes,
moreover, verae in no casa detrimental and were in some
casog definitely bensficlal to the flight behavlor of the
model., In this respect, this particular pusher design
appears to be completely junetifiled. '

Effect of flaps.~ The results of balance tosts given

in figuro 12 show that flap deflection caused a conslderable
reductlion in dilhedral effect ms expucted but 4id not affoct
the direetional stability, It epponrs from flgure 14 that
this reduction in dihedral effect sh:uld havi causad tho
model to become spirally unstable.

An analysis of the pb/2V values in tablo II also
roveals ovidance of slight splrsl iuatavility with flaps
down., For tha flaps-dowa condition, tha valuos 5f pb/2v
obtalned during rocoverles from abrudt allor>n mancuvers
wore somewhat lowor th-on thke wvaluzs obtainod during thao
mancuverg thamsolves. Thls rasducod alleron offectivonoess
may be taken s an indicatiosn >f spirrl inztablility, bo-
cause the alleron rolling velocity was evidentl) reinforced
by an unstable rolling in ebrupt maneuvers starting from a
wilng-level attitude and opposed by the same rolling during
recoveries. Inasmuch as the variation of the pb/2V values
with flaps up was the reverse of that wilth flaps down, the
model 1lgy by the same reasonling, Judged to he splirally stabdle
for the flaps-up condltion,

The epliral iasteblility with flaps down was apvyarently
very sllight, as no dafinite ladilcations of i1t could be noted
in the uncontrolled-flight tests., At anr rate, the condition
was certalnly not odbJectlonable and the flight bshavior of
the model with flaps down was conslderad eantirely satisfactory.

In regard to the guestlon of spiral stability, it should
be pointed out that tests of several models in the free-flight
tunnel have shown that slight spiral 1lnstability is not objec-
tionable, The rates of spirel divergence with moderate fia
area and only sllightly positive dihedral effect are unsunlly
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so small as to cause no difficulty in free-flight tunnel
tests, The pronouncsed spiral instabllity usually caused
by negative dihedral effect 1s, however, conslidered def~
initely undesireble.

Effect of vertical-tzill area.- In splte of the short
tall length of the model, adequate directicnal etadllity
wae obtained with ralatively small verticel tails (talls 1
and 2 of fig., 3). For all conditisne of power end flrps,
no objectionadble adverse yawiiz was notod when allerons
alone were used for lateral cortrol. The damping of the.
lateral osclllrtlons wes nlso satisfactory.

When the tall area wae increased 60 percent by replaciag
the upper tall wlth a larger tall of the sams aspect ratio
(tall 3 of fipgs. 3 and 4), only a slight improvement ian tke
flying characteristics was noted. This lmprovement was not
concldered sufficient to Justify the lancrease in areas.

When the tall aree was decreased 50 parcent by removing
tae lower tall, tlhe modsl retained a small amcunt of direc-—
tional stabllity. In wilidmlliiag-powasr fllights wlith the
flaps up and with the aillerons usad alone for control, the
small upper tell alone &id not, however, provide enough fin
effect to koop the adverse yawing from bacomiug sxcessive,
¥hen thae propellsar was removad sustalned flizhts with the
single teill ware slmost impossibdle bascause of the pronounced
offects of adversa yawing. Duriag a continuud appllication
of atleron control In flights with propellar off end rudder
fixod, the model woull at timzs yaw adverssly to a lerge
aagle, roll agninst the ailerons, and drop to the floor.

Phe st.2blllity nt both the propellor-wiandédmilling nnd propellor-
off conditlons was considorod unsantisfactory with tho single
tnll with flaps up. With the fl.ps dovn or with pover on,

tho flight bekavior of thes modal with the siangle tall wes

much luproved and the edverse yawlng was never great enough

tc¢ cause loss of allerom control,

he balance tast results Iin flgures 13 and 14 show the
Incrzuue in directlonali.stabllity provided by thas small var-
tical talls, Tozether the talls lncreased GnB by about

0.075, v3ich resulted in a Cp valus of about 0.055 for
the conplste eirnlane with power off.

Lateral Coatrol

The leteral control of thas model was not noticeably
affected by power, except that a slicht amount of alleron
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trim wvas required to balance propellar torque, Tor the high-
power condition in the flight teats, a total alleron defleoc-
tion of 5° right was required for lateral trim, DPowsr appar-
ently did not affect ths direétlonal trim, inasmuch as no
chango in rudder setting wes necessary la going from wilnd-
milling power to high power., The rudder control was not
noticeably affacted by power desplte the proximity of the
propeller to the vartical tells,

On the basls of .the abrupt alleron doflections regulred
for satisfactory control in the flight testes, the lateral
control of the model was consldered entirely adegquate. 1In
fact, considarably smalloer alleron deflections were nseded
during the tests than are required for the evorage model
flown 1ln the free-flight tunnel. It should ba pointed out,
howover, thet the area of these plaln aillerons 1s 8.8 per-
cent of the wing area, which 1s somevhat greator thnn the
averrgo alleron are~ of present-day alrplanes. A roduction
in this area could probadbly be mnde without rondering the
alleron control 1nadcquato.

The valuees of pb/23¥ showr in table II are further
proof of the adequacy of the alleron control of the model,
With the rssumed total ailleron movement of 45° and the
rudder fixed, the pb/27 values are well above the minimum
requlired value of 0,070. Flap deflection caused a substan~
tlal improvement 1n the rolling velocitiaes obtalnsd with tha
ailcrons. Tho slight roeduction 1ln alleron effectiveness
during recoverlies with flaps down, which has been attributed
to sllight splrel 1instadiiilty, was not considared serious
inasmuch 28 the pb/2V was still greater than for any flap=
up condition. It can be sean from the balance rsesults of
figure 1lFf that a rolling-moment coefficient of about 0,026
was provided by the egual up-snd-~down alleroa deflectlon of
+12%4° that wae usad in the tests to detormine tho aileron
rolling velocitles. A 01P valuo of 0,54 for tha model with

fleps up 1s obtalned by dividing this value of 0,(0.026) by
the corrceponding . pb/2¥ valus (0.,048),

Abrupt rudder doflections varying from +10° to *20°
wore requlred for good contrel coordluntion depending upon
tho particular flight condition, The larger rudder deflec=-
tions were used with the larger allaron defloctions at low
alrspceds, Those rudder dofloctions were only slightly
largor than those roquired on thoe average corventional trac-
tor modols tostad 1in the frue-flight tunnel, oven though
only tho upper trll of tha model ~as equipped with a rudder.
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The short tall length of thls deslgn does not appear to
necessitate large rudder areas or rudder deflectlioms. 1In
fact, smaller rudder ereas and deflections might well Dbe
possible inasmuch as no rudder trim is required for high-
power flight,

With -the allerons fixed, the rudder provided a falr
anount of lateral control wilth ths flaps up. Recovery from
angles of bank as algh as 89 or 109 could be accomplished
without excessive change in hoeding. With the flaps down,
however, the rudder was virtually ineffectlve in rolllnz the
modisl and could not plck up a low wing even at very; small
angles of bank,

CONCLUDING REMARKES

The effects of power on the stadlllty and control
charactcristics of ths pusiher modol wlth tho propoller be-
hind the tall surfacses mey be summarized a3 fcllows:

1., Lorglitudinal stebllity and trlm were only slightly
affected by powsar,

.2. Power caused a substentlal Ilncrease in directlonal
atability but did not aeppreciadly change the effective cdlhe-~
d.ra.l.

3., The stalling characteristlcs -rere ndt affected by
power,. .

4, 1In pover-on flights a small amount of alleron trin
vas requlred, but no rudder trim was necessary.

5, The windmlilling propeller provided slight lncreases
ln longltudinal and directioral stability.

In splte of the short tall lenzth that was necessary
wita this »usher-propellsar arrangement, the genaral £1l1izht
behavior of the model was consldered excellent. A hori-~
gzontal tall only elightly larger than normal provided getig~
fectory longltudinal etability; emplo dirsctional stadllity
and control were afforded by vertical tails of normal size,
Theso testes, tnerefore, indicated that the uss of a short
tall lenzth did not nmaterially incrasase thse dAifficulty of
obtalring good stability and control characterlstics.
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On the basls of the free-fllight tunnel tests, 1t
appears that the undesirable effects of power on stabllity
and control can be elimlnated by placlng a pusher propsller
behind conventlonal horizontal and vertical tall surfaces.

Langley Memorlal Asronautical Laboratory,
Natlional Advisory Oommittee for Aeronauties,
Langley ZXleld, Va.
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TABLE I

" "DIMENSIONAL OHARAQTERISTICS..OF NACA SUBMERGED-ENGINE PUSHER

AIRPLANE AS REPRESENTED BY 1/10-SCALE MODAL

TESTED IN NACA FYREE-FLIGHT TUNHEL

Engine:
f Horﬂepower. rated ® o ® &« & 3 = 8 e ® s e e ® o @ 1100
Propeller: _
Diameter. feet 8 ® & 8 e & o ® & ® 8 e ® 3 ® ® = e 9
Number of blades . « o ¢« ¢ « ¢ o o o s s o 5 5 o @ 2
WGight, Pouﬂdsc ® o ® 8 ® ® ® ® 8 & ® ® ® o 8 ® e ® @ 5800
Wing:
Area, sguare feet . ¢« ¢« + ¢ & & & r e s e s s s @ 226
Span. feet . . ® ® @ e » s+ ¥ e 8 P B e v 8 e 8 e 39

Aﬂpect TAP10 ¢ v ¢ & ¢ e &+ & 4 e s e e 6 s s -8 @ 6.73
Alrfoll section =~
Eoot . e o . = e . « ® . @ o & o . HAGA 67|1-116
Dihedrel break « s o s s+ s s+ s o » s« o KACA 67,1-116
Tip . [ . . . ] . . . . . . Y . . [ . ° NACA 67.1-115
Inclidence -

Boot, dogrees s « 4+ ¢ o o 2« « « 2 o s a o o o » 3

Dihedral break, Q8g8Te88 « o« « « o 2 o « o s o o 3

Tip, AOZTOE8 o « = s « o o s a 5 s » s o s 2 o 1l

1 Dihedral of outer penel, degroes » « « « ¢ &+ « « 6

Sweepback, 650 percent chord line, degrees . « . . 0

Taper Tatlo + o ¢ o o ¢ ¢ o o o ¢ o o s ¢ o« o« o« o 2.5:1

Mean asrodynamic chord -

Langth. inches " . s e ®* o o e o o o 74.50
Location back of leadinr edge of root chord,

inches . . ® ¢ o o o s 2 s a2 e s e o 8 = s e 12.75

Root chord, 1nches « « o« © ¢ ¢« 2 s s o s s o s o o 100

Tip chord, incheas ® = o 3 & 5 e 8 5 8 e e ® s s @ 40

Wing loading, ¥W/S, pounds per square f00t « « « « o« o 25,7

Center of gravity:
Back of leading edge of root chord, inchss . . . . 30.80
Below reference line, inchoes « « ¢« « « ¢ s =« o« » » 0.70
Percent of mean aerodynamlec chord . « o o« ¢ o » o 24.2
Ratlo of wing span to radius of gyration:
b/kx ] [ ] ° . . ] . [] . . . ] . e a Y . . ' Y . . 7243

b/k'! » [ ] L L[] L L] L ] L] - - L) L] - L] L] [ ] L] L] L] L] L [ 6.79
b/k [ ] [ ) L] [ ] L » [ ) [ [ e 0 [ J L ] [ ] L] L ] L] L ] L] [ L] - 9 5.13
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PABLE I - (Continued)
DIKEWSIONAL OHARAOTERISTICS OF JACA SUBMERGED-EHGINY PUSHIR

) AIRPLAUE AS REPRISENTED BY 1/10-SCALE MODEL
el
b PESTED IN FNACA FRAB-FLIGET PUNNREL
Flaps:
Type -
Zap extengible, partial span
Span -
Feet.................... 16.77
Porcent D ¢« o ¢ ¢ ¢ ¢ ¢ o s 5 o o o ¢ 8 o & o 43,5
Percent chord o+ o « o o o o o o o ¢ s ¢ v @ o o 35,0
Alleron:
Tyre -
Plain
Area
Sq_ua,re foet ® ® » & B 6 B 9 e e ® T & o e ®v » 20
Parcoent S o :e o ¢ o o o o o o o o 5 o » o 9 o’ 8.8
Span :
Pect " e o P e » B B ¥ 8 B 8 " B e ® ® w8 e @ 15.6
Parcentb.....--...-...-... 40
Tail:
Horizontal -
Area (inclules fusslage) - .
Sq'll.'.'.r'e fdat e ® ©® & 8 ¢ ® 8 8 ®© ®w ® @ ® ® 54
]:’Ot'cenl'. S O ¢ & ® ® e 8 e o 8 o 3§ e e ® 24
Oenter of zravity to slevetor hiaze line, feet 13.5
'I"I.c.ide"l.ce, dagrees " s e B v s ®» o 8 = e » @ 0
S»en, Teet e & s o e 8 * o s e e & s o s o o 13
Blilevator aren, sgqnare feet .« o« &+ ¢ ¢ ¢ o o o 1l6.2
Aveve roference line, inches o v « .c o o o« & 13

Vertical (%tails 1 and 2) -
Toital riea (uot includiag fuselags)
Sguare fOOb o o s o o o 5 « 5 o« o s s 9 8 o 16.16

Perc“-\nt S -] . [ ] L ] [ ] [ ] . . L] [ ] L ] * L ] [ ] . - 7.2
O:ntue of grevity to rudder uingy lina, feset. 13,7
Spen (soch t21l), feat o« & 4 o . e e s e e e 3,75

2uddar crea (tail 1), squaro £33t o o s o « o 7.37

e mpr e mmma s s m tem e G emmmae = e - ——————— e s - e
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TABLE I1I

AILERON EFFEQTIVENESS OF NACA SUBMERGED~ENGIAE PUSHZR

MODEL TESTED IN FREE-FLIGHT TUNYEL

Pb/2V
259 total eileron 45° totnl alloron
deflection deflection
Flap (a) (b)
Level flight | Recovery Lavel flight | Rscovor
(e) - (d) (e) (d)
Retracted
(6, = 0.5) 0.048 0,052 0,087 0,094
TN .067 .061 .121 .110
aDaflection used in abrupt alleron mansuvers. (Equal

up-and~down defloction of +12%°,)

bAssumed. maximum alileron trevel (i22§°).

Ruddor fixed,

Yalues obtained

by direct extrapolation from values for 25° deflection.

c
Values obtained in abrupt gaileron maneuvers starting from
wing~level attitude.,

a

maneuvers.

Values obtained during recoveries from abrupt aileron

~
e
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Figure 1.~ Test section of the NACA free-flight tunnel showing
a model being tested in flight.
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Figure 2.- Test section of NACA free-flight tunnel showihg
model mounted on a balance.
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Figure 4.- Side elevation of 1/10-scale model of NACA submerged-engine pusher airplane
as originally tested in free-flight tunnel with small lower vertical tail
(tail 3) and large upper vertical tail (tail 3).
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Figure 5.- Plan view of 1/10-scale model of NACA submerged-engine pusher airplane
- originally tested in the free-flight tunnel. _
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FIGURE 15— Alron efectieness of NACA Submergea-engine
pusher moakl as aeferrnined by balance 1esis™in Thé 1ree -
Thght Tunnel. FPropeller winamiling ; Tlaps  refracred.
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ficure I6.— Fropress of stall on ypper surface of wing and lower surface of

horzortal 2all of Tree-flpht-turmel mode? of MICA Subm
Pusher ainplare .Flaps dowre ;propeller windm: ling.
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